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ADSTEACT

A succinoxidans inhibitor found in three Gram-nagative
organisms has been studied. The substance, not identified,
is capable of inhilbiting the suin6zidaae system of rat
liver, pig heart, rat-liver mit ohondria, and Intact guinea
pig lymph cells. The level of inhibition appears to be at
the level of aytocbroms c1,



~ 6i i -wan ob~xv t .. 2 ea :tnr 4;rld hc btnnew ;vring Ito.'

vt3Kngi 2. Thin factor ;o-o chsmtvally and pt, riologically dizOtict %oan"M t he
I ~ ~ ~ ~ F1.Lw A ynzchrek urh~ audilao revealed that the )V4'babje n ite o't

nction w'Am 4Y nort4 PiOrtAkom of~ tO l tn'tcnp chain batWOOn'
Duccinic doahydrogenna andu cy toclirt r-Al The datsa in thin report.7
proviontiy pul iile.4,AI_ preanent further infortuation an the nature of the
inibitory ctioyk cjn both respiration and onkdative phoaphorylat ion,

11. DIATXAXAS AnD METHODS

A. MATERIALS

P. tlrai:Culture; of P. Swulattig $train SGUU S-4, were grown
In )EF!I nia at 37*C for 24 hotar*, After harveasting, the cells vae washed
With physiological saline,

It. MArce lz!ns and N. coll: Cultu-res of Sa.ac~cn and IL col were
gro~ni a; described preViousl'y3 '7

EntywsPm oreos Pig-heart ontrocta were prepar*d According-to
the thethod of Neufeld$ Scott. 814 Stats.v

Mit-ochoadrn~ flitcchondrIA were prepared from rat livet according to
the igechod of Schneider an~d Hogeboova~' as modifiled by ltetabrook,*

Lipcpelysacchar ides LUpopolysaccherida was prepgad according to the
modificeciJozi of te Unethod of Tauber and Gareon&/ A deffcriked previouuiy..aI

ThWJ'Ov; Z. COUi or S- cajvr noa calls were. thoroughly vaahad With
water. Tbie washad calla iiar'. tatdwith phenol1D in the rAtio of 5.5 Ilzoms
of p!unaol ?.ry 56 g.-Cia of' wator to 25 grams of colla. 'This vdzturo wes

hag rodin theR ct14R in a Usax tug Blenderc and cettiusad. The pheniol
Iaytor visa 1310red Vh wter laYae was extractal tWice with aqur'l Volumes
of etrher and Che othcar- uaIi~oMr disCaRrded, Eno.ah acetoneM wMR Added4
tro the water isyer to rzke the ,iatana concentration 70 per cent Andi the
be'a;Y' praci "p3 aat0 ' tbat tot'a w& dsC.Arded. 11Qe fiit-erad ar '*ton~s ta r
foipriton waa a,-- n orqt-ed1 to dryicee and thle reculting 2rclt1d WMO OV aasvoiy

't ~ ~ ~ ~ ~ ~ ~ !4,k oft- a; 0a 0~ F, a4 1,-tt ''~i' 4 a ooa fcf



WilWeridU oa.g djisoVid ift MKte ' ho lpoh f tio called ractin 4 .
isueAly 2 tathined4 oot of Lhe fthibitor, although in some batches oivity

woo ditdtrue theroughout: all nth t lk onvI er in_ Math prapartion
Ilpoiluata e ced in Fgurot sey

B. AMNh ASBAYS

Oxygea conumption was dterined with a Clark recording oxyen

electrode. The compononetsbein the **say system were 1.0 milliliter of
0.1 Mi Phosphate buffer (pkI 1.4), 0.1 milliliter of Irihibitor, 0.1
alliliter of 0.1 M sodium- uccinate In phosphate buffer (p1h 744),and

0.8 mililiter of heart-muscle extract and water.

Ill. 3ESJTS

Figure 2 shows that the uccinoxidase Inhibitor can be almost completely

separated from. the* lippoolysaccharide. oru), ndaapeisy
rapovtedZ/ the ndotapxin was shown to reali hexuulvely in the .

11popolysaccharide fraction,

Usiat the Clark varding oxWyen electrode as a "our aI fcoxygeo

consumption enabled us to observe the action of the dahibitor uriln the
early part of the reaction, which was not possible when the Warburg,

appu~atus waq'used4 -'Moreover.* difforonas betweeni crud. and. porta14y
purified preparations became readily apparent.

Figure 3 shows the affet of adding 0.-64 mcaigromof orude inhibitor
to an actively rp ringpighaart preparation. The reaction ye# initiated
at "S" by the addition of 0,1 milliliter of 0.1.1 sodium suacinato and a
rate of 2.9 dv/min was observed. After the reaction had- proceded for
one minute. 0.64 milligram of crude Inhibitor was odded, It can be sean
that a gradual decrease In rate coamened so that after five mninutes the
rate had decr*ased to 0.4 div/sin, representing move than 86 per dent
Inhi~bition.

The effect of the crude inhibitor can be contrasted with that of
partially purified Inhibitor* illustrated in figure 4. One minute after
the start of the reaction, 21 micrograms of inhibitor (Y) wre addd
This produced an i.sedisae inhibition of 45 per cent.

P urity of the inhibitor was calculated on the basis of the amount of

inhibitor required to cause inhibition. The less the amount of inhilbitor
requirtd to cAuse a stated aftount of inhib tion, the purer the inhibitor.
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Figure 1. Preparation of Inhibitor.
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Figure 2. The Effect of Inhibitor and Lipopolysaccharide

on Succinoxidase Activity.
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A seennd. additia. at 2)1 wicrogrnme cnappd thno jrvaj of inhiW[~ Lio to iicelue
to 65 per ceut. The. possible reao, for. the relatively rapid &Ction of the
purifieA inhibitor as can aotiad to the alower acting criude inhaihitox in
tha~t in Cha impuara stato there is a finite tlvw -Wteuirad for the Inhibitory
Substance to di lat1C fromi Whatever iepwrity to acosmpalying it avid
attach itseLf to the appnap late site. in the enzyme preparation,

ITf howevert either crude or purifted Inhibitor is added before the
addition of substrate, then the level of inhibition is equival.ent to
that in the experiments described above. This is true whether there is
pro-longed incubation or the reaetion is started L ediately after addition
of the Inhibitor. The significance of these observations will be
discQuased lter..

The effect of Lhe inhibitor on oxidative phosphorylation in tightly
coupled uttchondria Is illustrated in Table I. It can be seen that the
effset of the inhibitor on ADP-stimulatei reepiration is entirely dependent
upon the sequence of addition of the components.

TALR 1 . i= O 1ItAI!OI 0m mT iZSPJI IO (W COUWLID lNTOCMliDIZA

Addition* Rata div/kin

I. Inhibitor added to complete system

aitochondria u.4
succinate 0.7
AVP 2.6
Inhibitor 1.4 1 minute after addition

0.8 2 minutes after addition

1I. Inhibitor added before suceinate and ADP

mtochondria 0.3
inhibitor o.4
succinate 0 4
ADP 0.5

MIf. Inhibitor added between succinste and ADP

mitochondria 0.5
succinate 0.8
inhibitar 1.6 for 15 seconds

L2 after 15 aecond.
ADP 1.1



I o this Thbla ahows t1bat AditiOt Of tile ifihthitcr After *il
I-epi~tin aa obtaiwkad -1v:oEf th. Addition of AZ:P causee- a Inarked

drop in theo res~piratory rate. Addition of the inhibitor,9 however, prior
to the addition of either substrate or ADP blocked all but neme endomenous
respiration. Addition of the Inhibitor after the subutrate but before ADP
cammed a slight stimulation in some ways reminiscent of the uncoupling
effect of dinitrophenol. This initial utimulation decreased somewhat after
the first 15 seconds and remained unaffected by the subsequent addition of
ADP.

It was of interest to determine whether the inhibitor would have
any effect on whole cells. In collaboration with Dr. John Bowden,
Chemistry Branch, Physical Sciences Division, quantitie of ishibitor
were added to isolated guinea tpi lymph tissue. and the effect on reepirat~ion
noted. The data in Table I show that in two seperate experimaent
respiration was, Indeed, inhibitad.

The data in this report were obtained, for the most pert, using
Inhibitor from 1. ccli. Data, so obtained are essentially the& sam as that
previously reported for parceucens and It ulaiL.

TABLE 11. RRSPX~I (W GUINEA, PIG W.3M' TISSUM
IN. Tg PSINCE f INKII-TOt

(86.4 milligrams lymph tissue used.)

Trial Inhibitor fur cent
Added Q02 Inhibition-

Milligram
1 0 10.2

0.77 5.7 4511

2 0 11.1
O.39 7.4 33.3



H].

The pre 4nCe of such an lxuhibitor ia Gram nagat ivcv organisms givap
rise to 8paculation coucerning both its function lic the organismi An4 its
role as an inhibitor. As one might expect, addiition of even large
quantities of inhibitor has no effect on the respiration of whole
bacterial. calls or of thesir active cell-free ex'tracta. Assuming for the
nwoment, then, that this material isnot an Inhibitor of the mammalian
succinoxidave system because of an artifact- of. preparation, it is
possible that the substance may ituelt play some role in. the electron
transport scheme in bacteria somewhat' sivailar to that of. coansyme Q,
It is also pussible that a substane, similar but. not identical to the
inhibitor, io present in masmelian elo ard'l that. thisasubstance also
plays a role In alectron transport. The Inhibition, thenj.,could be
accounted for by competition between the inhibitor-and the-natural
substance. If the inhibitor: i:. more firmnly, bound- thatt the. naturally.-
occurring material, thin' it, 'by not- being. abla. aither to) aaaept. or to
tra~nufer electrons in: the- mavalin- system) woull act- aau a, wot effective
blocking agent, which it apparently doegri. our. data. show- that,, except
for some sl ight effact on succinic dhhydrogenaae ftom .the-f _q211
preparation, the pwime, effect at the inhibitor is quite& *pecMif, being,
locateid at or-near th, level of cytochrome cl.*

It is not cleax from the-data presented- whether or not, An isolated
mitochondria capable of oxidative, phosphorylat ion, t-he prime.effact to
on the respiration or the phosphorylatior4 A good guesis that the
primory effect is on-the respiratory-proceess It alto seems fromi the
data that whean inhibitor in added between succinate and AUP,1 the.
"uncoupling" effect noted mightbe due to sonme alteration-in usitochondrial
permeability.

it is of some value, we thick, to speculate about a possible role for
substances of this nature in the infoctive process. On* thought is that
the inhibitor, together with andotoxin, might paralyze the' cell aud thus
obstruct the normal destructive lytic process. If during the early stager
of infection sufficient amount* of inhibitor are released, the cellular
respiratory mechanisms would dcrease in activity or stop completely'and
the energy-producing mechanisms would comes to a halt. As demonstrated' in
the experiments on guinea. pig lymph tissue, Intact cell# are susceptible
to the inhibitor.

*One current concept of electron transport pictures the succinoxidase
system in the following manner-

phosphorylatiag
qw-C~inic .cytachrome b.

Succinate C1 ---~geae------ --. yo~rn 1 cytO C ---- CyLUX -- 0
nonphoaphnrylat in



Thcn~~~cit idt le.~stdtIt hsiV~tA ine revealked
two are.uti that., An our Opirdnon reqjuire furter artastvc £n'zostiSation.
one iii the nttre of earrrmvn ~chaaiwha In the bacpterial C2ii
slid their relationship to ummslian aysteaa; thle second is thrA Daturs of
the infective process abaut which we are still largely ignorant.
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